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The Problem
Conservation biology involves forecasting, and
forecasting necessitates the use of models.

 Model selection
 Model sophistication
 Realism vs. complexity
 Defensibility
 Usability

The use of models (for PVAs, recovery plans, etc.)
introduces a number of complications…



 Threatened Species. Recovery planning must 
balance realism with defensibility.

 Zoonotic Disease. Forecasting spread rates and 
impacts requires sophisticated modeling tools.

 Off‐Target Pesticide Impacts. Vary based on 
complex interactions with other stressors.

 Conservation Genetics. Future models must be 
both spatially‐explicit and individual‐based.

The Need to Address Real‐World Problems 
Drives the Development of New Models
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Complications
(that I deal with…)

 Landscapes. They are dynamic;  structure matters;  
features change with life history

 Populations. They have complex, diverse life 
histories, and can interact

 Disturbances. Can vary in space and time;  there 
can be lots of them;  they often interact

 Methodology. Must be defensible and usable, plus 
have value to decision‐makers, etc.



Some Classes of Models

I’m going to draw examples from the
application of a specific spatially‐explicit and
individual‐based modeling tool. But there
are lots of alternative model structures…

• Non‐spatial models

• Spatially‐implicit models

• Population models (not individual‐based)



Non‐Spatial Models

Advantages
 Lots of analytic tools
 Can get a solution
 Easy to communicate

Disadvantages
 Constrain realism
 Solutions can be hard to obtain



Spatially‐Implicit Models

Examples
 Patch occupancy models
 Cellular automata
 Metapopulation models

Advantages
 Significantly simpler than
fully spatial models

Disadvantages
 Limits the influence that landscape structure can 
have on the model dynamics



Spatially‐Explicit Models

Examples
 GIS‐based models
 NetLogo
 HexSim

Advantages
 Biological / ecological realism

Disadvantages
 Additional complexity



Population Models

Examples

Advantages
 Models are well‐defined and parameter 
space is finite

Disadvantages
 Models become increasingly complex and 
hard to understand as realism is added (even 
when added in limited quantities)
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Individual‐Based Models

Examples
 Vortex
 CDPop
 HexSim

Advantages
 Much more mechanistic

Disadvantages
 More work to construct and parameterize



Spatially‐Explicit and
Individual‐Based Models

 Many have been developed,
but few are carefully designed,
flexible, and reusable

 This class of models make it
possible to simulate impacts
on a population of multiple
interacting stressors

 This class of models is
necessary for developing realistic simulations
of disease spread, landscape genetics, and
other dynamic spatially processes



HexSim Model

 Modeling 
framework

 Range of 
applications

 Trait‐based design

 Multiple interacting 
stressors

 Modern interface



HexSim Mechanics
‐‐ A Hypothetical Example ‐‐

 Landscape structure and population size together 
limit resource acquisition

 Resource acquisition and disturbance
together control fitness

 Fitness and disease 
control vital rates

 Roads impact the
movement process

 Movement mediates
disease spread

 Disease spread controls
population size



 Threatened Species. HexSim was used in the 
recovery planning and critical habitat 
designation for the Northern Spotted Owl.

 Wildlife Disease. Frog / chytrid model is in 
development.  Other models are on the way.

 Conservation Genetics. HexSim will make 
more sophisticated studies possible.

Examples I’ll Discuss Today



Northern Spotted Owls
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HexSim Spotted Owl Model



Model Verification



Source‐Sink Analysis
(National Forests)
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Measuring Landscape Connectivity

 Identify Locations of 
Interest

 Set Up HexSim to 
Record Locations

 Run Simulation

 Run a HexSim 
Location‐Stratified 
Projection Matrix 
Report

 Assess Connectivity



National Forest Connectivity



Spotted Owl 
Connectivity 
Experiment

 Begin with an 
empty landscape 

 Add 100 spotted 
owls in the south

 Run Simulation for 
2500 years

 Record owl density 

 Smooth density 
data and construct 
the video



Frogs and the Chytrid Fungus



HexSim Model of the Barrett 
Basin, CA Study Area
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 Adult mortality is 10% / year

 Tadpole & juvenile mortality is 30% / year

 To increase computation speed, we
use “meta‐tadpoles”

 Movement rules vary
based on stage class

 Subadults need resources
in order to mature

 Cytrid added at TS‐60
Fungal exchange is
to and from environment

 Fungus experiences
mortality both on frogs
and in the water

Simulation 
Structure



Model Verification



Model Verification



Fungal 
Dynamics



Chytrid’s Impact on Population Size
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Next Steps
Model Comparison with 
Briggs et. Al. 2010…

Briggs et. Al. model



Landscape Genetics

 Each individual is assigned a genome

 Populations can have any number of loci

 Each locus can have any number of alleles

 Users define initial allele spatial distributions

 Map distance may be used to simulate 
chromosome crossover

 Traits can be neutral or adaptive

 Mutation events modify individual genotype



Example: Predators & Prey
 Two interacting populations

 Predators and prey use different mating schemes

 Prey live in colonies, predators are solitary

 Predators disperse towards prey

 Predator capture efficiency is controlled through 
a heritable trait

 Capture efficiency influences both survival and 
reproduction

 Semi‐random mutations alter the capture 
efficiency gene



HexSim Predator‐Prey Model



Population Fluctuations



Selective Pressure Ensures High Capture Efficiency
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In Summary

The use of sophisticated simulation models in Conservation
Biology and other disciplines is going to increase with time…

In particular, new spatially‐explicit, individual‐based models
are creating opportunities to improve conservation theory.

Its important that users of these tools make an effort to:

 Use the simplest models that are capable of capturing 
critical processes

 Ensure that the models they construct are defensible

 Conduct model comparisons

 Contribute to the model development process
(the model builders need your expertise)


